The core diagnostic criteria for autism comprise two symptom domains -social and communication difficulties, and unusually repetitive and restricted behaviour, interests and activities. There is some evidence to suggest that these two domains are dissociable, yet, this hypothesis has not been tested using molecular genetics. We test this using a GWAS of a non-social autistic trait, systemizing (N = 51,564), defined as the drive to analyse and build systems. We demonstrate that systemizing is heritable and genetically correlated with autism.
LSAMP and PTMAP8, both of chromosome 3 -using chromatin interaction data in the foetal 1 0 0 brain. Of these, LSAMP is a neuronal adhesion molecule in the limbic system of the 1 0 1 developing brain Additionally, gene-based analysis identified 4 significant genes SDCCAG8, 1 0 2 ZSWIM6, ZNF574 and FUT8 (Supplementary Table 2 ). Of these, mutations in ZSWIM6 1 0 3 cause a neurodevelopmental disorder with, in some cases, co-morbid autism and unusually 1 0 4 repetitive movements and behaviour 56 . As supporting analyses, we investigated the direction four out of five SNPs tested had concordant effect direction in the GWAS for autism 1 1 0 ( Supplementary Table 3a ) (P = 0.37, two-sided binomial sign test). For these three 1 1 1 phenotypes, we additionally assessed effect direction concordance using binomial sign test at 1 1 2 less stringent P-value thresholds in the SQ-R GWAS, after LD-based clumping (P < 1, 0.5, 1 1 3 0.1 and 1x10 -4 ). Binomial sign test was statistically significant at three of the four P-value 1 1 4 thresholds (P = 1, 0.5 and 0.1) for all three phenotypes but not statistically significant at P = 1 1 5 1E-4, presumably due to the low statistical power ( Supplementary Table 3b ). Additionally, 1 1 6 we tested effect direction concordance (P < 1x10 -6 ) in a GWAS (N = 1,981) of 'insistence 1 1 7 on sameness' , a phenotype that's similar to systemizing (Methods). Four out of five SNPs 1 1 8 had a concordant effect direction including the two SNPs with P < 5x10 -8 in the non-stratified 1 1 9 SQ-R GWAS (P = 0.37, two-sided binomial sign test). Additive SNP-based heritability (h 2 SNP ) calculated using LDSR was 0.12±0.012 for We identified a significant positive genetic correlation between the SQ-R and autism the SQ-R GWAS using genome-wide inferred statistics (GWIS) (Methods) attenuated the 1 5 0 genetic correlation with autism only modestly, suggesting that the SQ-R scores are Supplementary Table 10 ). We validated this using genomic structural equation related to autism -friendship and family relationship satisfaction, scores on a self-report 1 5 6 measure of empathy -the Empathy Quotient (EQ), and the scores on the Social and and repetitive interests 1 , we hypothesized that the combination of significant negative genetic 1 7 4 correlation with social traits (friendship satisfaction and empathy) and significant positive 1 7 5
genetic correlation with SQ-R is uniquely associated with autism (Methods). Indeed, across 1 7 6 the nine psychiatric conditions for which we had summary GWAS statistics, this combination 1 7 7 was uniquely seen for autism (Figure 4b , Supplementary Table 13 ). Given that our current analysis focussed on the general population, we sought to may identify varying levels of overlap between these domains. The same principle applies to 2 5 0 other research modalities (neuroimaging, cognitive studies, hormonal assays, etc.,) 2 5 1 investigating the biology of autism and autistic traits. These different symptom domains of 2 5 2 autism may contribute to different co-morbidities. Our results identify shared genetics depression, but limited shared genetics between the SQ-R and these conditions. This needs to Participants: The current study included participants from 23andMe (Primary GWAS -SQ- Genetic Resource Exchange (AGRE), and the EU-AIMS LEAP and PARIS cohorts. participants who were primarily of European ancestry (97% European Ancestry) were 2 6 8 selected for the analysis using existing methods 69 . Unrelated individuals were selected using 2 6 9 a segmental identity-by-descent algorithm 70 . A total of 51,564 participants completed the SQ- Avon region of the UK. The ALSPAC cohort comprises 14,541 initial pregnancies from 2 7 3 women in Avon resulting in a total of 13,988 children who were alive at 1 year of age. Children were enrolled in additional phases, described in greater detail elsewhere 71 . This Cambridge Human Biology Research Ethics Committee. Written informed consent was 2 7 7 obtained from parent or a responsible legal guardian for the child to participate. Assent was 2 7 8 obtained from the child participants where possible. We conducted a GWAS of scores on the 2 7 9 SCDC in 5,421individuals from ALSPAC.
Other cohorts: We included data from four cohorts to conduct polygenic score and European Ancestry as defined by genetic principal components (5 SD deviations above or 2 8 9 below the mean European PC1).
9 0
Additionally, we also included data from 1,981 unrelated individuals (1000 males, 2 9 1 1981 females) from the Nijmegen Biomedical Study (NBS) to provide support for the 2 9 2 independent SNPs with P < 1x10-6 in the non-stratified GWAS. Participants were asked the 2 9 3 question: "It upsets me if my daily routine is disturbed", which is related to a non-social 2 9 4 domain of autism, and is similar to an item in the Autism Spectrum Quotient. Further 2 9 5
information including genotyping and quality control is provided elsewhere 43 . Genetic association for the top SNPs were conducted using age, sex, and the first five genetic 2 9 7 principal components as covariates using linear regression. Phenotypes:
The primary phenotype for this study is the SQ-R, which was used to conduct a 2 9 9 GWAS in participants from 23andMe. The SQ-R is self-report measure of systemizing drive, as interest in mechanical (e.g., car engines), abstract (e.g., mathematics), natural (e.g., the identified high internal cohesion 77 . Exploratory followed by confirmatory factor analysis 3 0 9
using Rasch modelling suggests that the SQ-R is unidimensional 77 . A sex difference has been 3 1 0 observed in multiple studies with males, on average, scoring significantly higher than 3 1 1 females 10,51 . Criterion validity shows that the SQ-R has a modest but significant correlation In addition, we used the following secondary phenotypes: SCDC in ALSPAC, 3 1 9
ADOS-G social and communication scores and the RBS-R in the other cohorts. We also used 3 2 0 a single question which is a measure of 'insistence on sameness' in the NBS cohort.
The SCDC is a questionnaire that measures difficulties in verbal and nonverbal correlated with SQ-R in this study. We used mother-reported SCDC scores on children aged 3 3 0 8. While SCDC has been measured at different ages in the ALSPAC cohort, we chose SCDC suggested that there was no inflation in GWAS estimates due to population stratification. The 4 1 2 λ GC was 1.013. We replicated the previously identified genetic correlation with autism 57 4 1 3 (constrained intercept) using our SCDC GWAS (r g = 0.45±0.18, P = 0.01). In addition, we 4 1 4
also identified a negative genetic correlation between educational attainment 58 and SCDC (r g 4 1 5
= -0.30± 0.11, P = 0.007).
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Genomic inflation factor, heritability, and functional enrichment for the SQ-R GWAS: scores. Difference in heritability between males and females was quantified using:
where Z is the Z score for the difference in heritability for a trait, (h 2 males -h 2 females ) is the 4 2 1 difference h 2 SNP estimate in males and females, and SE is the standard errors for heritability.
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Two-tailed P-values were calculated and reported as significant if P < 0.05.
2 3
For the primary GWAS (non-stratified analyses), we conducted functional annotation 4 2 4
using FUMA 93 . We restricted our analyses to the non-stratified analyses due to the high 4 2 5 genetic correlation between the sexes and the low statistical power of the sex-stratified 4 2 6
GWAS. We conducted gene-based association analyses using MAGMA 94 within FUMA and 4 2 7 report significant genes after using a stringent Bonferroni corrected P < 0.05. In addition, we CAVIAR 97 was then applied to the summary association statistics and LD structure for each 4 3 9
index SNP to generate potentially causal (credible) SNPs with a posterior probability of 0.95.
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In total, we identified 14 credible SNPs from the three GWS loci. SNPs (rs13066948 and rs11713893) located in this locus physically interact with these genes.
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Genetic correlation: For all phenotypes we performed genetic correlation without 4 4 6
constraining the intercept using LDSR. We identified significant genetic correlations using a 4 4 7
Bonferroni adjusted P-value < 0.05. For the primary genetic correlation analysis with SQ-R, correlogram was created after using hierarchical clustering to cluster the phenotypes. To investigate if the combination of negative genetic correlation social traits and 4 6 8 positive genetic correlation for non-social traits is specific to autism, we conducted a genetic 4 6 9 correlation between all psychiatric conditions for which we had access to summary GWAS social domain of autism that we had access to GWAS summary statistics. The EQ is a short, items in measures such as ADOS-G. Prior to performing GWIS, we standardized the beta coefficients for the SQ-R GWAS by 4 8 6 using the following formula:
is the standardized regression coefficients, 1 9 dataset). We downloaded genotype data from the SSC from SFARI base 5 0 0 (https://www.sfari.org/resource/sfari-base/). Individuals were genotyped on three different rate < 95%, excessive or low heterozygosity (less or more than 3 SD from the mean), 5 0 9
mismatched reported and genetic sex, and families with mendelian errors > 5%. We further 5 1 0
removed SNPs that significantly deviated from Hardy-Weinberg Equilibrium ( P < 1x10 -6 ), 5 1 1 had mendelian errors in more than 10% of the families, and SNPs that were not genotyped in 5 1 2 more than 10% of the families. We then conducted multidimensional scaling using the 5 1 3
HapMap3 phase 3 population using the unrelated individuals CEU and TSI populations as 5 1 4
representatives of the European population. This was conducted only in the parents to retain using an r 2 of 0.2. We excluded families from further downstream analyses if either one the 5 1 8 parents were greater or less than 5 standard deviations from the means of the first two genetic 5 1 9
principal components calculated using only the unrelated individuals in HapMap3 CEU and 5 2 0 TSI populations. Quality control was done using Plink v 1.9 and R. Phasing and imputation 5 2 1 was conducted using the Michigan Imputation Server 5 2 2 (https://imputationserver.sph.umich.edu/start.html) using the 1000 genomes Phase 3 v5 as the 5 2 3 reference panel.
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Polygenic scores were generated using PRSice2
To validate the polygenic scores, we conducted additional polygenic score analysis 5 4 0 using data combined from the AGRE, EU-AIMS LEAP and Paris cohorts. We followed 5 4 1 similar quality control and imputation procedures to the SSC cohort. Given that this dataset information was unavailable for most individuals, and hence we did not include IQ as a 5 5 2 covariate. We combined the results of the EU-AIMS LEAP and Paris cohorts, and the AGRE 5 5 3 dataset using inverse variance weighted fixed-effect meta-analysis using the formula below: reported medical data. PLoS One 6, e23473 (2011). Psychol. 18, E16 (2015) . (2016). provides the magnitude of genetic correlation. 4B: Genetic correlation between empathy, 1 0 2 0 friendship satisfaction, and systemizing with nine psychiatric conditions. Only autism was 1 0 2 1 significantly genetically correlated with all three phenotypes. 
